US Hybrid/Module Production Test Results

e Overdl Issues

« Status Chip QA
Wafer used Chip Replacement
Chip status Wafer/Hybrid Comparison
Channel Summary Gain (non) uniformity
Wafer/Hybrid Correlation
Gain Spread at cold
» Modules Testing Time
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Status

29 Hybrids
e Built
e Burn-in at 37°C
o LTT at 0°C
12 ready to module

3 Modules built and partially tested

8+(16) new Hybrids under assembly
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Wafers Used
Distribution of chips on hybrid by Wafer

Z40859-W11 Z40859-W14

20220040200008: Chips 0011 2020040200023 Chips 0011

2020040200008 Chips 0011 2020040200024 Chips 0011

20220040200011: Chips 0011 (Chip 11 replaced) | 20220040200025: Chips 001 1
202200402 00020, Chips 0011 (Chip 01 replaced)

Z40800-W13 Z40855-WO3

2022004020001 0; Chips 00-11 2020040200028, Chips 00-11

2020040200012 Chips 0011 2020040200028 Chips 001 1
20200402 00030; Chips 0011
2020040200031 : Chips 0011
2P0 000Rs: Chips O0H06, 08-11

2408 55-W 02 Z40855- Wi

2022004020001 3 Chips 00-11 2020040200027 Chips 00-11

2022004020001 4 Chips 00-11 2020040200028 Chips 00-11

2022004020001 5 Chips 00-11 2020040200033 Chips 01-11

2020040200016 Chips 0011 220040200033 Chips 0008, 10-11

20004020001 T Chips 0011

2020040200033 Chip 0D

20220040200034: Chip 01

202R0040200035: Chip 08

20220040200038; Chip OF

PURROCECR 0000 Chip 01 (replRcameant)

Z408559-W 05 Z40859-WDd

20220040200018: Chips 0011 2020040200032 Chips 001 1

2020040200019 Chips 0011 2020040200034 Chips 00, 02-11

2020040200021 Chips 0011 2020040200037 Chips 0011

2000020002 Chips 0011
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Chip Status

20220040200011 Chip 11
20220040200013 Chips 2-5

20220040200020 Chip 1
20220040200021 Chip 8
20220040200022 Chip 10
20220040200035 Chip 6 (M8)

replaced

replaced

+1 chip chipped and replaced right away

Large Gain Spread
All Digital tests
failure at 33°C

TOKEN failure

Large Gain Spread
High Offset

Time Walk test failure
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Sargl #

Hybrid Bad Channel Summary
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Bad Channels (detail ed)
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Overall Issues

* Chip QA
Visual inspection
Wafer/Hybrid Comparison used to decide when a chip needs to be replaced

» Gain non-uniformity (but mostly in agreement with wafer data)
Wafer/Hybrid Comparison to confirm chips are within spec ====)»  See W/H Correlation Study
Possible chip pre-selection/better matching from looking at Wafer data of chips available to use

» Gain higher and oscillating for several chips on agiven hybrid at 0°C (Hybrid LTT) after trim
The threshold DAC has a tendency to saturate.
This effect kicksin at dlightly lower thresholds as a hybrid is cooled down.
The 8fC point is out of line (off to higher threshold) during low temperature tests.
For some hybridsit can be seen also at room temperature.
This can effect the fitting of the response curve, hence the false high gain.
We might not include the 8fC point in the RC fit in the future.

* Testing Time —too long
LTT- Burn-in defects (no) time dependence

» Occasional channels with high offset which are manually masked to obtain a better NO curve
This effect could be reduced with new cuts

* Fan-out bonds pop-off for the first batch of hybrids and “hairy” bond foot

Unbonded channels will show up in modules but we know aready of some through visual inspection
* New batch of hybrids with new metalization of the PA pads and no squeezed-out glue

Good results on mechanical hybrids
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Chip QA

Visual inspection shows good quality of chips

» ~ 350 IC's used
3 regjected (pictures)
1 recovered

* 112 I1C'sbeing used
One regjected afew needed recovery (pictures)
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Chip QA Pictures
Chip 28 on Z40859-W03-1 Chip 233 on Z40859-W089-2
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Chip QA Pictures (last batch) T ———
Z40802-W09-1 chip 115 -W0gS-1 chip
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Chip replacement
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Hybrid 20220040200011
chip 11 Large Gain Spread

ATLAS SCT Module Test: Responses vs. Channel - FrlJul 26 14:32:33 2002 - LBL
Page 3 Run 475 Start Scan 12 Stream 1 Module O (20220040200011) - Type Barrel Hybrid
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Hybrid 20220040200011
Wafer/Hybrid Comparison

Gain (blue-wafer; black-module) |
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Hybrid 20220040200011
Chip 11 Wafer/Hybrid Comparison

A I A e rmsD = 4.9699, rmsSum = 5.3318, ratio = 0.9321
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Hybrid 20220040200011
Wafer/Hybrid Comparison after chip 11

renl aced
|
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Hybrid 20220040200013
Chip 2-5 Digital Tests Failure starting at 33°C

‘ ATLAS SCT Module Test: Response vs. Channel - Tue Aug 20 10:34:12 2002 - LBL

Page 1 Run430 Start Scan 12 Stream @ Module 1 (20220040200013) - Type Barrel Hybrid

D w2

Three Point Gain
Response at 37°C

Wafer TV tests:
At 40 and 50 MHz all chips TV (eff) = 1 and all Vdd(eff) =1
except chip S02: at 50 MHz and Vdd=3.3V for TV2to TV5 eff =0

Hybrid tests:
FullBypassTest: failsat Vdd = 3.5V but works fine at higher Vdd

The timing of the token passing is quite critical. At higher temperatures the CMOS is slower, so it could get closer to the edge.
It might berelated to the quality of the clock signal.
It might work at a different system.
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Hybrid 20220040200013
Wafer/Hybrid Comparison

Gain (blue-wafer; black-module) |
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Hybrid 20220040200020
Wafer/Hybrid Comparison after chip 1 replaced
(because of TOK EN Failure)

Gain (blue-wafer; black-module)
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Comparison not available before replacement (data from hybrid overall bad because of token failure)
But wafer datafor chip 1 (faulty on hybrid) was normal.
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Hybrid 20220040200021
chip 8 Large Gain Spread

ATLAS SCT Module Test: Response vs. Channel - Frl Sap 27 09:42:19 2002 - LBL

Page 3 Run532 Start Scan 12 Stream 1 KModule O {(20220040200021) - Type Barrel Hybrid
| - =TT ) | [fme=mw ] 'mp

2m am
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Chip started to work well at Vcc=3.7V - Voltage drop at the hybrid 50 mV
Under wafer test (test performed at UCSC) works at nominal Vcc
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Hybrid 20220040200021
Wafer/Hybrid Comparlson

Gain (blue-wafer; black-module)
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Hybrid 20220040200022
Chip 10 High Offset

ATLAS SCT Moduls Test: Response vs. Channel - Mon Sep 30 11:52:202002 - LBL

Page3 Run 337 Start Scan 12 Stream 1 Module O (20220040200022) - Type Barrel Hybrid
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Hybrid 20220040200022
Wafer/Hybrid Comparison

Gain (blue-wafer; black-module) |
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Hybrid 20220040200035
Chip 6 (M8) High Gain (3Pt)

ATLAS SCT Modul= Test: Respons= vs. Channel - FrlOct18 15:55:37 2002 - LBL
Page 3 Run 3560 Start Scan 12 Stream 1 RModule O {20220040200035) - Typ= Barrel_Hybrid

0 e 2 0
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e o i}
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Hybrid 20220040200035
Chip 6 (M8) High Gain (After trim)

ATLAS S§CT Module Test: Response vs. Channel - FrlOct 18 16:20:27 2002 - LBEL

Page 3 Run 560 Start Scan 43 Stream 1 Module 3 (20220040200035) - Type Barrel Hybrid
[ D T ] [mz=m =

Bl ke Wl e
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Hybrid 20220040200035
Chip 6 (M8) High Gain (after trim)

Page 4 Run 560 Start Scan 43 Stream 1 Module O (20220040200025) - Type Barrel Hybrld
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Hybrid 20220040200035
Chip 6 (M8) Time Walk Failure

ATLAS SCT Module Test: Timewalk Curve - Frl Oct 18 16:46:36 2002 - LBL

Page 3 Run 560 Start Scan 55 Stream 1 Module O {20220040200035) - Ty pe Barrel_Hybrid
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Hybrid 20220040200035
Wafer/Hybrid Comparison

Gain (blue-wafer; black-module) |
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Gain (non) uniformity
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Wafer/Hybrid Comparison
Hybrid 20220040200008

Gain (blue-wafer; black-module) |
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Wafer/Hybrid Comparison
Hybrid 20220040200015

Gain (blue-wafer; black-module) |

— M (2] = (] 8 =l ==
[=] [=] [=] [=] [=] [=] [=]

= o
|I||‘||II‘|I||||||I‘I|||||EI‘III‘IIII

[=]

200 400 600 800 1000 1200 1400
Channel #

Offset (blue-wafer; black-module) |

50

40

30

10 -

[=]

=
=

=
||||‘|I|I

i)
S

20

B
=
m——

|
; .|||' II,' Illlll']|‘.|||n [ |||
m '.- | L 'hl | ,I IM| ”lm r |||I |Il] |

200 400 600 800 1000 1200 1400
Channel #

A.Ciocio - LBNL - Dec 10, 2002

30




Wafer/Hybrid Comparison
Hybrid 20220040200029

Gain (blue-wafer; black-module) |
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Wafer/Hybrid Comparison
Hybrid 20220040200030

Gain (blue-wafer; black-module)
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Wafer/Hybrid Comparison
Hybrid 20220040200033

Gain (blue-wafer; black-module) |
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High Offset (low gain)
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Hybrid 20220040200010
High Offset (low gain)

ATLAS SCT Module Test: Response vs. Channel - Tue Jul 30 10:00:29 2002 - LBL

Page1 Run481 Start Scan 12 Stream 0 Module 0 (20220040200010) - Typ= Barrel_Hybrid
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Hybrid 20220040200010
High Offset (low gain)

ATLAS SCT Module Test: Response Curve - Tue Jul 30 10:00:29 2002 - LBL

Page2 Rund81 Start Scan 12 Stream 0 Module O (20220040200010) - Type Barrel Hybrid
Erpo Amparan cure [== jlone ! Ampmnam curea | [F=i=s JESHE= Nopuras curs ] Ly A 1r 8 Ll [f= e | [ 3 P pnam Guren |
| in: . t = B

BH A H
By g

q
3
b
1

ot
a1 2 39 3 8 T o1 T 3 9 3 8 T 8
-] Do

o L CHpicmn | e | chpaaen | "|—|'::',.' J_cnps@in_ § e )
E ) |
T

a1 23 9.5 8T '8 | @0 cRoaigoacant A o1 2 13 93 8 T 8
Dy iy Lk Lo N Dl g iy

[ _Shpogen §| fea Jl _SOpTan § o
r |
T

CHip 2 Gan

Dl iy

0 e iy

T

a
SHHMAHAAANEE
HYEHAAdRE

uﬂl!!ﬂ!ﬂ?ﬂ uﬂl!!ﬂ!!?! {1 R RS, IR Bt B s ot | o1 2 39 3 A T 1A 1 P 00 R, e MR Bt WAl O |
Bmgey | L=l o L T B gy iy Ll L] Oy iy

B oz o3 aw mToA
Bewn

W 1Lz 33 am-rToHm
el

L L I 1 It IFTTRIINTT " L L L L L L [ o
[+ i T T e TR - - 0 I 2 34 3 @8 T8 [ T A - [ o e T R e e T T R
D o] T S S

A.Ciocio - LBNL - Dec 10, 2002



Hybrid 20220040200010
High Offset (low gain)

ATLAS SCT Module Test: Response ve. Channel - Tue Jul 30 10:25:10 2002 - LEL

Page1 Run481 Start Scan 43 Stream 0 Module O {(20220040200010) - Type Barrel Hybrid
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Hybrid 20220040200010
High Offset (low gain)

ATLAS SCT Module Test: Response Curve - Tue Jul 30 10:25:10 2002 - LBL ‘

Page 2 Run 481 Start Scan 43 Stream 0 Module O {20220040200010) - Type Barrel Hybrid
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Wafer/Hybrid Comparison
Hybrid 20220040200010

Gain (blue-wafer; black-module)

==
[=]

-]
[=]

2

(]
[=]

M (2] =
[=] [=] [=]

-
[=]

= e
|I||‘IIII‘I|||||||I‘I||||'—. I‘IIII‘IIII

[=]

200 400 600 800 1000 1200 1400
Channel #

Offset (blue-wafer; black-module) |

15,]
[=]

=
[=]

=5 |||‘||||

(2]
[=]

= i)
[=] [=] [=]

_.
[=]
=
||||‘|I|I|| .

N U Al |||| || f Il |II- || "
U
|

i)
S

200 400 600 800 1000 1200 1400
Channel #

A.Ciocio - LBNL - Dec 10, 2002

39



Gain/Offset/Noise Distribution
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Gain/Offset/Noise Correlation
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Wafer Data

Pure Wafer data for chips available to use (still in the gel pack)
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Water/Hybrid Correl ation - Gan

Average Gain per Chip |
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Water/Hybrid Correlation - Offset
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[ Gain (difference) |
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Large Gain Spread at cold —

A.Ciocio - LBNL - Dec 10, 2002

46



Chip Response H29— Gain Spread at cold

Example of Gain Spread after trim at 0°C

ATLAS 5CT Module Test: Response vs. Channel - Mon Nov 04 16:57:28 2002 - LBL
Page 1 Run 514 Start Scan 43 Stream 0 Module 1 (20220040200029) - Typ= Barrel Hybrid

Zm
uin el 200

‘2m

II'E1 hiodme § 12 OCiC
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Chip Response H29— Gain Spread at cold — no 8fC point

ATLAS SCT Module Test: Response vs. Channel - Mon Nov 04 16:57:28 2002 - LBL
Page1 Run 514 Start Scan 43 Stream 0 Module 1 (20220040200029) - Type Barrel Hybrid

| I B 200G
5 i

i ke Hd i

ol ol ]

Same RUN but the fitting of the response curve excludes the last point (8fC)
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Chip Response H30 — Gain Spread at cold

Example of Gain Spread after trim at 0°C

ATLAS SCT Module Test: Response vs. Channel - Mon NovO4 15:21:152002 - LBL
Page 3 Run512 Start Scan 43 Stream 1 Module O (20220040200030) - Type Barrel_Hybrid
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Chip Response H30 — Gain Spread at cold — no 8fC point

ATLAS 5CT Module Test: Response vs. Channel - Mon Novdd 15:21:152002 - LBL
Page 3 Run512 Start Scan 43 Stream 1 Module O (20220040200030) - Type Barrel Hybrid

VIS0 w1 200
ST

Same RUN but the fitting of the response curve excludes the last point (8fC)
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Chip Response — New Cuts

* New cuts in the TrimRange Scan algorithm

* Noisy channels are now identified by the cut 1.15* (chip mean noise)

» Code to automatically exclude suspect data due to "8fC effect"
The fitted range is adjusted to exclude points (charge > 5.0fC)
for which the output noise is > 1.5* the mean output noise taken over all charges

» Channels with anomalous gain are now identified as follows:
hi_gain channels have gain greater than (1.25 * mean_chip_gain)
lo_gain channels have gain less than (0.75 * mean_chip_gain).
Thisisin agreement with the gain cuts used during chip testing.
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Testing Time
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Testing Sequence

Operatlon Description of tests Time
Hybrid Inltlal Characterlkzatlon Dighal tests + Response Curve + NO+ TW 1h
S-curves 10 min
per archive + web 15 min
10 h at O Cwlith every 2 h Gonflrmation
brid cold LTT Wh+Bh+3h
Hy + 5ingla Chamcterization at the and * i
S-curves 10 min
per archive + web 15 min
a0 h at 37°C wlth ewvery 2 h Gonflrmation
Hybrld warm LTT @ h+Bh+32h
¥ + Sin gl Ghamcterlzation at end
S-curves 18 min
per archive + web 15 min
Fan-out Conflrmation Digltal tests + Three Polnt Galn 15 min
Module IV Scan Scan up to 500 ¥ [LV off) at 15°C 1h
Characterdzatlon Digltal tests + Response Curve + NO + TW 1h
S-curves 18 min
per archive + web 15 min
Thermal cycling Cycles from -30°C to 407G (LY off) X h+05h
Meirology ]
24 h at " Cwith every 2 h Gonflrmatian
Module LTT 2 h+ Bh
+ Single GChamcterlzation at the end =
S-curves 18 min
perd archive + wab 15 min
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Testing Rate

Hybrids
 Characterization 1 h/hybrid
e Burn-In 37°C 90 h + 6 h Characterization + 3 h Chiller setting
o LTT 0°C 10 h + 6 h Characterization + 3 h Chiller setting
OR 10 hat 37°C
10 hat 0°C
* 6 hybridsevery ~120 h (5 days)
OR ~ 30 h (2 days)
Modules
o |V test 1 h/module
 Characterization 1 h/module
» Temperature Cycles (6 modules) 24 h
o LTT 0°C (6 modules) 24 h + 6 h Characterization + temp setting time
* 6 modules every 2.5 days
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LTT-Burn-in Summary

- Overal afew channels and chips show higher noise (partbonded defects) or higher gain

In particular:

202200402000010

687 high gain (15%)

202200402000013

All digital testsfail for chip 2-5 (but chip 2 seems to be responsible for the other ones)
202200402000010

1451 high gain (15%)

202200402000025

channel 941 has high noise during asingle test

202200402000029

Chip 10 has 32 channels with higher noise (partbonded) and fluctuating

—> Al| defectsappear at thevery first test
we could reducetheduration of LTT

A.Ciocio - LBNL - Dec 10, 2002 55



M odul es 20220040200008

ATLAS 50T Models Terh IV Chamciesiefic - Frl Noy B5 1420708 2003
Foom 1138 Medes § 2000000

IV Curve
14
1.2
1
0.8
0.6 l \ i f
: lsiiillhlllllllllhllﬂ
04— | | e By l : ‘i ' ‘J |
0 100 200 300 400 500 L { '
AN fo} 1 .H.é
Noisy ~ Unbonded Dead Tota . "." i' 1. ‘ h* o 1
3 7 2 12 . ! 4

A.Ciocio - LBNL - Dec 10, 2002 o6



M odul es 20220040200009

ATLAS 5T Modehs Texlh W Chamcieress - Fel Oat 11 16046708 3002
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M odul es 20220040200010

Noisy Unbonded Dead Totd

1 1 0 2

ATLAS SCT Module Test: IV Characteristic - Tue Oct 08 11:58:04 2002
Run 1127 Module 0 20220040200010

IV Curve
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Summary

» Chip QA/Visual inspection show good yield but better careis required

» 2 (+2) chips replaced because defective after electrical testing
Gain(2) Token(1) TW (1)

» Wafer/Hybrid comparison seems to be an effective tool for chip selection
Chip replacement
Chip selection before use

e First 29 hybrids my suffer from PA problem

» New features/cuts in the software will help with anomalous chip response

» Burn-in time could be reduced to 10 h
All defects show up at the very first test
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